Objectives. This study examined the effect of maternal smoking during pregnancy on infant body proportion.
Methods. The ponderal index, defined as birthweight divided by crownheel length cubed, was examined in 207 607 infants from the Swedish Medical Birth Register for 1991 and 1992.
Results. Infant ponderal index was used as the outcome variable in an ordinary least squares continuous regression, which included early pregnancy smoking status, gestational age, and birthweight among the predictors. Ponderal index increased by 0.030 ( ± 0.0014) among infants of moderate smokers and by 0.040 ( ± 0.0017) among infants of heavy smokers, showing a dose response.
Conclusions. Maternal Cigarette Smoking During Pregnancy and Infant Ponderal Index at Birth in the Swedish Medical Birth Register, 1991 Register, -1992 Maternal smoking during pregnancy reduces mean birthweight [1] [2] [3] [4] and increases the risk of small-for-gestational-age infants. [4] [5] [6] [7] [8] The ponderal index is a measure of birthweight in relation to crown-heel length and is used to classify "symmetric" growth retardation (with normal ponderal index) and "asymmetric" growth retardation (with low ponderal index). Asymmetric infants are thinner and have less birthweight per centimeter of length than symmetrical infants. Intrauterine growth-retarded infants with symmetric body proportions have higher rates of neonatal complications 9, 10 and higher rates of hospitalization in the first year of life than asymmetric infants, 11 and they lag behind asymmetric infants in later physical growth. [12] [13] [14] [15] Earlier studies of the effect of maternal smoking on infant ponderal index reported no statistically significant effect, 1,2,16,17 but one investigation reported a reduction in ponderal index among the infants of smokers. 18 Recognizing that ponderal index is strongly correlated with the degree of birthweight reduction, 19 the present study is the first to control for both gestational age and birthweight.
Methods
We used records for 1991 and 1992 from the Swedish Medical Birth Register, which contains data on more than 99% of all births in Sweden. 20 Prenatal care and data collection by Sweden's National Board of Health and Welfare have been described elsewhere. [21] [22] [23] The original data set of all 239 251 singleton births during 1991 and 1992 was edited to exclude 8433 births with congenital malformations identified at birth; 9225 births with gestational ages of less than 24 weeks or with missing data on the key variables of birthweight, gestational age, crown-heel length, head circumference, sex, parity, or maternal age; 1238 births with either chronic or gestational hypertension; 94 births that failed to meet the National Center for Health Statistics 1993 natality editing criteria 24 ; 788 births to women with either chronic or gestational diabetes; and 241 births because of incompatible birthweight, gestational age, crown-heel length, and head circumference values. These exclusions left a total of 208 355 births (87.1% of the initial data set). A total of 748 births before 32 weeks of gestation were excluded because there were not enough births in each 1-week gestational age group to calculate a valid birthweight z score. Thus, the total population available for analysis was 207607 births.
The outcome variables were birthweight in grams, crown-heel length in centimeters, and ponderal index, which was calculated as follows: ponderal index = 100 ϫ birthweight in grams/(crown-heel length in centimeters) 3 . Birthweight and crown-heel length were examined to assess the effect of smoking on the numerator and denominator of the ponderal index. Typical values of the ponderal index in this data set are between 2.6 and 2.9 (range = 2.0-3.5).
Crude means and standard deviations were calculated for infants born to nonsmokers, moderate smokers, and heavy smokers, and analysis of covariance was used to adjust for gestational age. We then similarly calculated the mean and standard deviation of the ponderal index, adjusting simultaneously for both birthweight and gestational age.
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(calculated as prepregnancy weight in kilograms divided by the square of maternal height in meters). Birthweight z score was also included in the regressions of ponderal index because the degree of growth retardation is strongly correlated with ponderal index 16 (i.e., more severely growth-retarded infants tend to have lower ponderal indexes). Our aim was to compare infants with the same degree of growth retardation who differed only in their exposure to smoking. The birthweight z score was estimated for each infant from the sex-specific mean and standard deviation for each 1-week gestational age group. The continuous variables were centered around the population mean, so that the intercept of each regression refers to the estimate of the outcome variable at the mean values of the predictor variables.
The change-in-estimate method 25, 26 was used to select variables whose exclusion changed the smoking parameter estimate by 10% or more, with backward elimination of predictors that changed the smoking coefficients least. When no further variable could be eliminated without changing the smoking coefficients by at least 10%, the main-effects model was complete. Interactions of smoking with other predictors were then tested. In short, by using the change-in-estimate method, we selected only those predictors that actively confounded the effect of smoking, while variables unimportant to the effect of smoking were eliminated. We believe that this method offered 2 advantages over the customary F test method of variable selection: first, it was suited to the rationale of the study, namely, to examine only the effects of smoking and its confounders; second, it produced a more concise and easily reportable model with very little decrease in R 2 compared with the conventional method. Table 1 shows the distribution of the study population with regard to smoking and maternal characteristics. Table 2 presents crude and adjusted means of birthweight, crown-heel length, and ponderal index stratified by smoking. Both the crude and adjusted means of birthweight and crown-heel length decreased with smoking. The crude mean ponderal index actually decreased with smoking, reflecting the greater degree of growth retardation and prematurity associated with smoking in this data set. When gestational age was adjusted for, the mean ponderal index still decreased with smoking, owing to lack of adjustment for the birthweight reduction caused by smoking. When both birthweight and gestational age were adjusted for, however, the mean ponderal index increased with smoking, showing a dose response. Table 3 presents the parameter estimates and standard errors for the regressions of birthweight, crown-heel length, and ponderal index on smoking status and other predictors. Among the predictors considered in these regressions, only gestational age was a significant confounder of the effects of smoking on birthweight and crown-heel length. Birthweight z score was the only significant confounder of the effect of smoking on ponderal index for infants. Moderate smoking was associated with a decrease in mean birthweight of 145.18 g (95% confidence interval [CI] = 139.67 g, 150.68 g), while heavy smoking was associated with a decrease of 189.27 g (95% CI = 182.53 g, 196.01 g). Moderate smoking was associated with a decrease in mean crown-heel length of 0.63 cm (95% CI = 0.61 cm, 0.65 cm), while heavy smoking was associated with a decrease in mean crown-heel length of 0.84 cm (95% CI = 0.81 cm, 0.87 cm). The actual impact of smoking was more pronounced on birthweight, which was reduced by 4.0% for moderate smoking and 5.3% for heavy smoking, than on crown-heel length, which was reduced by 1.2% for moderate smoking and 1.7% for heavy smoking. Although smoking reduced both birthweight and crown-heel length, the net effect on ponderal index was positive once the degree of weight reduction was controlled for. Moderate smoking was associated with an increase in ponderal index of 0.030 (95% CI = 0.027, 0.033), while heavy smoking was associated with an increase in ponderal index of 0.040 (95% CI = 0.037, 0.043).
Results

Discussion
When comparing the infants of smokers and the infants of nonsmokers of the same birthweight and gestational age, we found that the infants of smokers tend to be shorter and have a higher ponderal index, while the infants of nonsmokers tend to be longer and have a lower ponderal index. Three earlier studies 1,2,17 reported slight but statistically insignificant decreases in mean ponderal index, and 1 study 18 found a statistically significant decrease associated with smoking. We also observed a decrease in ponderal index after adjusting for gestational age. However, ponderal index is strongly correlated with the degree of reduction in birthweight: intrauterine growth-retarded infants also tend to have lower ponderal indexes because, in general, growth retardation differentially affects weight more than length. These earlier studies compared the weights of infants of smokers, who are more likely to have intrauterine growth retardation, with the weights of infants of nonsmokers, who are more likely to have normal growth, whereas the present study compared the infants of smokers and of nonsmokers with the same degree of growth retardation as measured by birthweight for gestational age. Thus, we adjusted for the intrauterine growth retardation associated with smoking and found an additional reduction in length compared with similar degrees of birthweight reduction from other causes.
Although our regression model included only birthweight z score in addition to smoking, we do not believe that the smoking effect found here is due to confounding by any variable that was available within the data set. We tested a multivariate model that included all available predictor variables, and the effect of smoking was similar. Since data on social class, nutrition, alcohol, and illegal drug use were not available, confounding by these factors is a possibility. Furthermore, our measure of maternal smoking status was taken at the first prenatal-care visit. It is known that some women who smoked at the first prenatal-care visit later stopped smoking; however, this misclassification of some of the subjects would only have diluted the results. 27 When studying the effect of smoking on ponderal index, Kramer et al. 16 controlled for fetal growth retardation but not for gestational age, and they found no significant effect of maternal smoking on the ponderal index z score in a cohort of 3869 births. We used ponderal index per se, and it is difficult to interpret the difference between the findings of Kramer et al. and our own. The larger cohort size of 207 607 infants in the present study provided more power to detect a modest effect of smoking on ponderal index. The increase we observed in the ponderal indexes of the infants of smokers is consistent with findings from a longitudinal study by Vik et al., 17 who found that although smokers' children caught up with nonsmokers' children in terms of weight, they did not catch up in terms of height but remained shorter, with higher ponderal indexes and higher skinfold thickness at 5 years of age.
The magnitude of the effect we found was small. However, the clinical significance is that exposure to smoking seems to alter the relationship between body length and weight, a finding that is reinforced by recent studies that have found that prenatal smoking exposure reduces the growth of the long bones in the fetus. 28, 29 Thus, infants of smokers tend to be more symmetrical in their growth retardation than the similarly growth-retarded infants of nonsmokers. Taken together with the findings of Vik et al., our study suggests that prenatal exposure to smoking differentially alters the relationship between weight and length in such a way as to put the infant on a growth trajectory that may lead to a higher risk of obesity later in life.
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Methods. Smokers in prenatal, family planning, and well-child services in 10 public health clinics (n = 1021) were interviewed 5 to 8 weeks after a medical visit to assess their exposure to smoking cessation interventions and smoking cessation outcomes.
Results. Depending on clinic service and intervention component (poster, video segment, provider advice, booklet), 16% to 63% of women reported exposure to an intervention component during their visit. Women in prenatal services received more interventions and had better outcomes than those in the other services.
Conclusions. Exposure to more interventions increased readiness and motivation to quit and the number of actions taken toward quitting. Cigarette smoking remains prevalent among women who are of low socioeconomic status and childbearing age, 1,2 with serious risks to their health, their pregnancies, and their small children. [3] [4] [5] [6] [7] Public health clinics are a major source of maternal and child care for poor women and thus present opportunities for intervention with this population. Several studies have established the effectiveness of smoking cessation interventions in primary health care services in general [8] [9] [10] and in public health clinics. [11] [12] [13] [14] [15] [16] Current recommendations are that minimal smoking cessation interventions be incorporated in routine primary health care and that these interventions include, as a minimum, provider advice to quit smoking and written material or other help for quitting. [17] [18] [19] Most health professionals are aware and approve of these recommendations and report applying them to many of their patients. [20] [21] [22] However, studies show that smoking cessation interventions are not consistently delivered to patients. [23] [24] [25] [26] Little is known about the degree to which smoking cessation interventions are currently implemented in public health clinics or the effectiveness of these interventions across types of services.
In this article, we report the prevalence of smoking cessation interventions in public health prenatal, family planning, and wellchild services and the association of these interventions with smoking outcomes. We examine (1) variation by clinic service in patient-reported exposure to 4 common components of smoking cessation intervention (posters, educational video segments, provider advice to quit, and educational booklets) and in smoking outcomes following a normal
